The effect of chronic administration of the sigma agonist: 1,3-di-o-tolyl-guanidine (DTG), in neonatal ventral hippocampal lesioned (nVHL) rats, on the immobility by clamping and dorsal immobility, were investigated. The nVHL increases the duration of immobility by clamping, but does not affect the duration of the dorsal immobility. We found that DTG augments the duration of the dorsal immobility in the unlesioned rats, but does not modify the duration of immobility induced by clamping the neck. DTG also counteracts the increase in the duration of the immobility by clamping produced by nVHL. However, the increase in the duration of the dorsal immobility produced by DTG is counteracted by nVHL. These results are discussed with respect to the differential effect on the two immobility responses tested, suggesting that they are different forms of immobility mediated by different mechanisms although they behaviorally share common characteristics.
Introduction
Immobility response is expressed in a wide variety of circumstances, which share some neural mechanisms and may occur in response to natural stimuli, by the action of some drugs or in certain diseases of the nervous system. It is a state of complete absence of movements and relative unresponsiveness, which can be triggered in a variety of species by several different kinds of stimuli. Various names have been used to describe this phenomenon: animal hypnosis, death feigning, tonic immobility, akinesia, catalepsy, cataplexy, catatonia etc. Death feigning is a form of immobility described by centuries in which the animal remains completely still in the face of a threat. "Play dead" is one of the oldest defense mechanisms of many species, including our own, and it occurs in practically all the phylogenetic scale. It is characterized by restraint and reduced capacity to respond to external stimuli, with a variable duration depending on the species. The animal can fight or try to escape, but can also opt for passive defense, adopting a motionless posture, which may persist from a few seconds to several hours. Some features include temporary immobility response [1] - [3] , defecation, muscle rigidity and tremors of the extremities, abnormal EEG patterns, changes in heart rate, breathing and core temperature [4] . This behavior can also be induced by pharmacological means. Morphine produces a form of immobility known as catatonia, in which the righting reflexes and stiffness are inhibited [2] . Another form of immobility is catalepsy, where righting reflex (used as an indicator of some antipsychotic drugs such as haloperidol) is preserved [2] . These neuroleptic action is related to the capacity of the drug to block dopamine receptors. It has been stated that such drugs act in the striatum and nucleus accumbens [5] . Also the electrolytic lesion of the caudate-putamen and accumbens reduced haloperidol-induced catalepsy. It has been proposed that the basal nuclei may interact through cholinergic pathways with systems such as the prefrontal system. Many experiments have produced immobility responses by damaging certain regions of the brain that control postural reflexes and locomotion, such as the lateral hypothalamus [6] . As well, mesencephalic lesioned rats have also been tested and shown an increase in different ways of immobility [7] . The so-called catatonia of schizophrenics is related to some hyperactivity in the dopaminergic system, since it is highly susceptible to neuroleptic drug treatment. An increase in dopaminergic activity has also been implicated in opiate-induced catalepsy. In addition, certain forms of immobility are presented in some psychiatric disorders such as catatonic schizophrenia. This disorder is characterized by physical immobility experienced by the person when he is in catatonic seizure and is unable to respond to external stimuli. Other forms of immobility appear in certain diseases of the central nervous system that cause people to disconnect from the world.
Schizophrenia is one of the major psychiatric disorders that is characterized by positive symptoms (e.g., hallucinations and delusions), negative symptoms (e.g. affective flattening, alogia, or abolition) and cognitive impairments (e.g. severe deterioration of concentration and memory). It has been reported that approximately 1.1% of the population aged 18 years and older develops schizophrenia (DSM-IV classification) [8] . Although schizophrenia itself has been recognized for centuries, pharmaceutical treatment only began in the 1950s, classical antipsychotics are still widely active used in the treatment of schizophrenia. Nevertheless, they induce severe extrapyramidal side-effects. That is why many researchers have been focused on the development of new agents with low extrapyramidal side-effects. The neonatal ventral hippocampal lesion (nVHL) has been proposed as a heuristic neurodevelopmental model of schizophrenia-related behaviors in the rat. These behaviors include hyperresponsiveness to novel environment and psychostimulant administration [9] - [11] , deficits in sensory gating [12] and working memory impairments [13] , which appear only after puberty. Additionally, nVHL induces neuronal rearrangements [14] [15], disrupted cholinergic and dopaminergic (DA) transmission [16] [17] , as observed in schizophrenic patients.
The possible involvement of sigma receptors (σ receptors) in schizophrenia has been suggested, based on the psychotomimetic actions of σ receptor agonists [18] , the density of σ receptors detected in various mesencephalic and limbic areas [19] [20] , and the action of several receptor ligands on dopaminergic neurons [21] - [24] . In fact, there are reports showing a reduction of sigma-1 receptors in the brains of schizophrenic patients postmortem [19] [20] [25] and other link between sigma receptors and schizophrenia, is that the typical and extensively used antipsychotic haloperidol has a very high affinity for sigma-1 receptors [26] [27] . Interestingly, it is also reported that sigma-1 receptors are engaged in modulating NMDA-type glutamate receptors, [28] [29] which might be involved in the pathophysiology of schizophrenia [30] - [33] .
The sigma receptors are chaperon proteins that were originally proposed as a subtype of opioid receptors (σ opioid receptors) and were suggested to contribute to delusion and psychosis induced by benzomorphans such as SKF-10047 and pentazocine [34] . However, later studies confirmed that σ receptors are nonopioid receptors, and they are now called σ receptors instead of σ opioid receptors to distinguish the protein from opioid receptors [26] [35] . Sigma receptors consist of at least two subtypes, σ-1 and σ-2 receptors [28] [36] .
Sigma-1 receptors have been cloned [37] and their biological and physiological roles have been more intensively examined; σ-2 receptors neither have been well studied or cloned. The σ-1 receptor gene encodes 25 kDa membrane proteins that have no homology to any mammalian protein [37] . Sigma-1 receptors are intracellular receptors mainly localized on the endoplasmic reticulum, and they dynamically translocate inside cells [38] [39] . Sigma-1 receptors are expressed in specific regions of the brain such as layers of the cortex, hippocampus, hypothalamic nuclei, substantia nigra and Purkinje cells in the cerebellum [28] [40] . Occupancy of sigma-1 receptors by agonists causes translocation of the receptor protein from the endoplasmatic reticulum to the cell membrane where the receptor can regulate ion channels and neurotransmitter release [38] [41] . The sigma-1 receptor is implicated in cellular differentiation [42] [43], neuroplasticity [44] [45], neuroprotection [46] [47] , and cognitive functioning of the brain [48] . Such neuroprotection and neurite outgrowth are thought to contribute to the improvement of various neuropsychiatric diseases like the schizophrenia.
To our knowledge, there are no studies trying to correlate the immobility, schizophrenia and sigma agonists. Therefore, we evaluated the effect of sub chronic administration of sigma receptor agonist 1,3-di-o-tolyl-guanidine (DTG) on two immobility responses in neonatal ventral hippocampal lesion rats as a neurodevelopmental model of schizophrenia
Materials and Methods

Animals
Thirty-two Sprague-Dawley male rats were provided by Institute of Healthy Science (ICSA) of Autonomous University of Hidalgo, México All animal procedures were done in agreement with the "Guide for Care and Use of Laboratory Animals" of the Mexican Council for Animal Care (Norma Oficial Mexicana NOM-062-ZOO-1999) and the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Rats were housed in a temperature-and humidity-controlled room maintained on a 12-hour light/dark cycle (lights on: 07:00 -19:00 h) and had free access to food and water. Experiments were conducted during the light phase (between 09:00 and 12:00 h).
Neonatal Ventral Hippocampal Lesion
On postnatal day 7 (PD7), male pups (weighing 15 -18 g) were randomly assigned to either lesion or false lesion (sham) group. Pups were anesthetized by hypothermia and were placed on ice for 18 -20 min and immobilized on a modified platform [49] fixed to a stereotaxic frame. An incision in the skin overlaying the skull was made and two 1 mm holes were drilled. A needle connected to an infusion pump through a Hamilton syringe was lowered into each ventral hippocampal coordinate: AP −3.0 mm, ML ±3.5 relative to bregma and VD −4.9 relative to dura. Ibotenic acid (0.3 µL [10 mg/mL]; Sigma, St Louis, MO, USA) in 0.15 M phosphate buffer saline (PBS) pH 7.4 or vehicle was infused bilaterally at a flow rate of 0.15 µL/min. After the procedure, the pups were placed under a heating lamp and then returned to their mothers (the pups were handled with gloves to avoid odors). On PD21, the animals were weaned and similar number of sham and lesioned rats was placed in cages (four animals per cage).
Drug Administration
Four groups were formed (8 animals per group): 1) vehicle-treated sham, 2) DTG-treated sham, 3) vehicle-treated nVHL, and 4) DTG-treated nVHL. The rats were administered with one dose diary during 27 days, either of the sigma agonist 1,3-di-o-tolyl-guanidine (DTG; Tocris Biosciences) 10 mg/kg (i.p.), [50] or phosphate buffer saline (vehicle).
Behavioral Tests
The behavioral studies were performed 1 day after finishing the DTG or vehicle administration. The animals were tested and videotaped; the behavioral responses were analyzed by a person blind to the experimental groups to avoid an unconscious predisposition of the results.
Immobility Induced by Clamping
It was induced by clamping the neck (IC). A clamp was applied (the clamp was 3.2 cm long (IDL, No. 10050, Carlstide, NJ)) between the base of the skull and the back of the ears so that the pressure was sufficient to lift the animal by the clamp. With this pressure, the animals did not vocalize, attempt to scratch at, or pull off the clamps. The rat was then placed on its back on a flat surface [3] . The behavioral sequence starting from the moment the animal was place on its back until it regained the full prone position with the palm of all 4 limbs contacting the ground. The duration of immobility was measured and the observations were terminated at 240 s even if the whole sequence had not been completed by that time [2] .
Dorsal Immobility
The animal was gently grasped by the skin at the back of the neck and lifted off its feet with no part of the animal's body touching any other surface. The duration of this immobility response was measured from the onset of the response until the animal made escape-like movements or directed at the experimenter's hand [3] .
nVHL Lesion Assessment
For assessment of lesion size, the brains fixed in formaldehyde were sectioned into 15 µm thick slices on the coronal plane using a vibrotome (Campden Instrument, MA752, Leicester, UK). Sections at the level of the ventral hippocampus were collected on cleaned, gelatin-coated microscope slides (four sections/slides). Sections were stained with 0.5% cresyl violet and examined under a microscope where the lesions and probe placement could be seen.
Data Analysis
The immobility data were analyzed by two-way ANOVA test followed by the Newman-Keuls test for post hoc comparisons, with lesion and treatment as independent factors (P < 0.05 as statistically significant). Sigma Stat: Systat Software, Inc.
Results
Verification of the Lesion
Cresyl violet-stained sections obtained from adult nVHL-lesioned animals revealed significant bilateral damage of the ventral hippocampus with neuronal loss, atrophy and apparent retraction of the hippocampal formation (Figure 1) as reported in earlier studies [9] [15] [51] [52] . A cavity resulting from the lesion was frequently observed. The brains of the sham animals did not show any morphological alterations.
Immobility Responses
The effects of repeated DTG administration in nVH lesioned rats on the immobility response (IR) are illustrated in Figure 2 . Both groups, sham and nVHL animals exhibited the IR. The duration time of immobility caused by clamping the neck (IC) was significant increased by the nVH lesion (Figure 2(a) ) (Two way ANOVA interaction between lesion and treatment F(1,28) = 17.279, P < 0.001), this behavior was reversed by repeated DTG administration (P < 0.01), whereas no differences in the IC response were seen between sham vehicle or DTG groups (F(1,28) = 1.49; P > 0.05, two-way ANOVA, Student-Newman-Keuls post-test). The duration of the IR by gently grasping the skin at the back of the neck, dorsal immobility (ID), is illustrated in Figure 2(b) . A twoway ANOVA showed that the ID was not significantly affected by lesion, the post-hoc tests did not shown a difference between sham rats and those with lesion. However, nVHL rats treated with DTG shown a diminution ID duration than nVHL rats with vehicle (interaction between lesion and treatment F(1,28) = 9.960, P < 0.01 two way ANOVA, Student-Newman-Keuls post-test) while sham rats treated with DTG increase the duration of the ID (comparisons for factor: lesion within DTG treatment, P < 0.01).
Discussion
The results show that the nVHL increases the duration of immobility by clamping, but does not affect the duration of the dorsal immobility. DTG in the unlesioned rats augments the duration of the dorsal immobility but Schematic drawing of coronal sections illustrating areas of least and greatest VH lesion as determined by Nissl-stained sections of the hippocampus of animals with nVHL at a postpubertal age. Gray, reconstruction of the neuronal loss and gliosis in the hippocampus of the rat with the most widespread lesion. Purple, extent of the lesion in the rat with the minimal lesion considered significant. Numbers indicate distance (mm) posterior from bregma according to [53] . does not modify the duration of immobility by clamping. We also found that DTG counteracts the increase in the duration of the immobility by clamping produced by nVHL. In addition, the increase in the duration of the dorsal immobility produced by DTG is counteracted by nVHL. This differential effect on the two immobility responses tested, suggests that they are mediated by different mechanisms. The differential effect on the two immobility responses in the rat, obtained by the neonatal hippocampal lesion as well as by the sigma agonist DTG, raises the question: are there multiple immobility responses, or is there one system that can be activated in multiple ways? We think that it is most likely to be multiple immobility responses; one clue supporting this view is that an immobility state can be elicited with several kinds of stimuli. In rodents, immobility states can be induced in pups [1] ; during pinch-induced catalepsy in mice [54] ; and during the suppression of wet dogs by tail and scruff pinch [55] . In all these behaviors, the neck is the region that receives the greatest amount of stimulation. It is not surprising then to find that for neck region there is a somatotopic mapping in the dorsal central gray linked to analgesia [56] . So it was not surprising to find that in the mouse, analgesia is linked to the immobility by clamping [57] . In a previous study [1] , we found that either clamping or bandaging the neck region can induce immobility in neonate rats, whereas in adult rats, only clamping can induce it. An immobility state can be elicited in a variety of species by several kinds of stimuli and by several kinds of drugs. Morphine and haloperidol produce in the rat two distinct and contrasting immobility states: the former produces a state characterized by inhibition of the postural support, while the latter produces a state in which tonic reactions subserving the maintenance of stable static equilibrium prevail at the expense of phasic-locomotor reactions [58] . The immobility induced by morphine is characterized by inhibition of righting reactions [4] . Endorphinergic system has been found to interact with dopaminergic systems [59] . The fact that states of experimentally dopaminergic deficiency are accompanied by catalepsy, which is a form of immobility somewhat different than opiate-induced catalepsy, suggested that these two states of immobility might be linked to a change of dopaminergic activity; some findings have supported this assumption. Thus, the destruction of the neo-or palio-striatal dopaminergic systems largely abolished the immobility induced by neuroleptics, but potentiated the induced by morphine [59] . The so-called catatonia of schizophrenics is probably related to some hyperactivity in the dopaminergic system, since it is highly susceptible to neuroleptic drug treatment. It was demonstrated that haloperidol which is a D2 antagonist and the main sigma 1 receptor antagonist [2] increases the duration of immobility response elicited by clamping the neck. Haloperidol is still widely used for the treatment of schizophrenia. Interestingly, in this study, we observed that DTG reverts the increment in duration of IC due to nVHL. These findings suggest that dopaminergic and sigma receptor pathways could modulate immobility response elicited by clamping. However, in dorsal immobility, the sham rats treated with DTG increased significantly their time of immobility and DTG reduces duration of this immobility response, it is known that these two immobility responses have differences and they cannot be following the same modulation [60] . These results show that DTG by itself has an effect on dorsal immobility, suggesting that this behavior is more sensitive to sigma receptor agonist. So far, there had been no a study that correlates neither the immobility response elicited by clamping the neck nor dorsal immobility with sigma receptors. Nevertheless, there are various studies about sigma receptors and depression where they have seen that sigma receptor agonists reduce the time of immobility in forced swimming test; it demonstrates that sigma receptors are involved in different forms of immobility [61] .
Conclusion
Since the sigma agonist (DTG)) and the neonatal ventral hippocampal lesion are involved in a differential and opposite way on the two forms of immobility that we tested (immobility by clamping the neck and dorsal immobility), it suggests that they are mediated by different mechanisms, although behaviorally share common characteristics. So, we believe that this evidence could help us to link, two known phenomena-schizophrenia and immobility response, which may be related or somehow present in catatonic schizophrenia.
